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Title; TIP ASSEMBLY HAVING AT LEAST THREE COMPONENTS FOR 
HOT RUNNER NOZZLE 

FIELD OF THE INVENTION 
5 This invention relates to an injection molding apparatus, and more 

particularly to a tip assembly having at least three components for a no2zle for 
an injection molding apparatus. 

BACKGROUND OF THE INVENTION 

10 It is known for a nozzle in hot runner injection molding apparatus to 

include a thermally conductive body and a thermally conductive tip. 
Furthermore, it is known for the nozzle to include a separate piece that joins 
to the nozzle body and retains the tip in place in the nozzle body. The tip 
sun-ounding piece is also typically used to form a seal surrounding the space 

15 between the nozzle and the mold component to which the nozzle transfers 
melt. Because the mold component is usually maintained at a different 
temperature than the tip at least for a portion of an injection molding cyde, the 
tip surrounding piece is typically made from a material that is less thermally 
conductive than the tip itself. 

20 An example of such a nozzle construction is shown in US Patent No. 

5,299,928 (Gellert). A problem with such nozzle constructions, however, is 
that the tip surrounding piece, which has a lower thermally conductive 
material than the tip, can impede heat transfer from a heater on the nozzle, to 
melt that is in the tip. 

25 Thus, a need exists for new nozzle and molding apparatus 

constmctions that have improved heat transfer efficiency. 

SUMMARY OF THE INVENTION 

In a first aspect, the present invention is directed to a nozzle for an 
30 injection molding apparatus. The injection molding apparatus has a mold 
component that defines a mold cavity and a gate into the mold cavity. The 
nozzle includes a nozzle body, a heater, a tip, a tip surrounding piece and a 
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mold component contacting piece. The nozzle Ijody defines a nozzle body 
melt passage therethrough, that is adapted to receive melt from a melt 
source. The heater is thermally connected to the nozzle bo&/ for heating melt 
in the nozzle body. The tip defines a tip melt passage therethrough, that is 

5 downstream from the nozzle body melt passage, and that is adapted to be 
upstream from the gate. The tip surrounding piece is removably connected 
with respect to said nozzle body. The mold component contacting piece is 
connected with respect to the nozzle body. The material of the mold 
component contacting piece has a themial conductivity that is less than at 

10 least one of the themial conductivity of the material of the tip and the thennal 
conductivity of the material of the tip sunrounding piece. 

In a second aspect, the present invention is directed to an injection 
molding apparatus that incorporates at least one of the nozzle described 
above. 

15 

DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention and to show more 

clearly how it may be carried into effect, reference will now be made by way of 

example to the accompanying drawings, in which: 
20 Figure 1 is a sectional view of an injection molding apparatus having a 

plurality of nozzles and a mold component in accordance with a first 

embodiment of the present invention; 

Figure la is a magnified sectional view of a portion of one of the 

nozzles and the mold component shown in Figure 1; 
25 Figure lb is a magnified section view of a portion of a nozzle and a 

mold component, in accordance with a variant of the first embodiment of the 

present invention; 

Figure 2 is a magnified sectional view of a portion of a nozzle and a 
mold component in accordance with a second embodiment of the present 
30 invention; 
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Figure 3 is a magnified sectional view of a portion of a nozzle and a 
mold component in accordance with a third embodiment of the present 
invention 

Figure 4 is a magnified sectional view of a portion of a nozzle and a 
5 mold component in accordance with a fourth embodiment of the present 
invention; 

Figure 5 is a magnified sectional view of a portion of a nozzle and a 
mold component in accordance with a fifth embodiment of the present 
invention; 

10 Figure 6 is a magnified sectional view of a portion of a nozzle and a 

mold component in accordance with a sixth embodiment of the present 

invention; 

Figure 7 is a magnified sectional view of a portion of a nozzle and a 
mold component in accordance with a seventh embodiment of the present 
15 invention; 

Figure 8 is a magnified sectional view of a portion of a nozzle and a 
mold component in accordance with an eighth embodiment of the present 
invention; 

Figure 9 is a magnified sectional view of a portion of a nozzle and a 
20 mold component in accordance with a ninth embodiment of the present 
invention; 

Figure 10 is a magnified sectional view of a portion of a nozzle and a 
mold component in accordance with a tenth embodiment of the present 
invention; 

25 Figure 11 is a magnified sectional view of a portion of a nozzle and a 

mold component in accordance with an eleventh embodiment of the present 
invention; 

Figures 12a and 12b are magnified sectional views of a portion of a 
nozzle and a mold component in accordance with a twelfth embodiment of the 
30 present invention; 
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Figure 13 is a magnified sectional view of a portion of a nozzle and a 
mold component in accordance with a thirteenth embodiment of the present 

invention; and 

Figure 14 is a magnified sectional view of a portion of a nozzle and a 
5 moid component in accordance with a fourteenth embodiment of the present 

invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Reference is made to Figure 1, which shows an injection molding 
10 apparatus 10. which includes a runner component 12, a mold component 14, 
a plurality of nozzles 16 in accordance with a first embodiment of the present 
invention and a plurality of optional valve pin devices 1 7. 

The runner component 12 includes a plurality of runners 18, which 
transfer melt from a main runner inlet 20 to the nozzles 16. The runner 
15 component 12 may be heated by a heater 22. 

The mold component 14 is made up of a plurality of mold components, 
which together define a plurality of mold cavities 24. A gate 26 into each mold 
cavity 24 is defined in the mold component 14 and has an axis 27. Each gate 
26 is positioned downstream from one of the nozzles 16. 
20 A plurality of cooling channels 28 may be included in the mold 

component 14. The cooling channels 28 transport a cooling fluid throughout 
the mold component 14 to cool and solidify melt in the mold cavities 24. 

Reference is made to Figure la. Each nozzle 14 receives melt from 
the runner component 12 and transfers the melt into a chamber 30 between 
25 the nozzle 16 and the mold component 14, and then through one of the gates 
26 and into to one of the mold cavities 24. Each nozzle 16 includes a nozzle 
body 31. a heater 32, a tip 33. a tip surrounding piece 34 and a mold 
component contacting piece 35 and may include an optional thermocouple 36. 
The nozzle body 31 defines a nozzle body melt passage 37 which 
30 receives melt from one of the runners 18. The heater 32 is connected to the 
nozzle body 31 for heating melt in the nozzle 16. The heater 32 may be any 
suitable kind of heater, such as a resistive wire heater, or a sleeve heater, as 
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long as it is thermally connected to the nozzle body 31. 1.e. the heater 32 is 
connected such that heat is transferable from the heater 32 to the nozzle body 
31. For example, the heater 32 may wrap around the nozzle body 31 in a 
groove on the outer surface of the nozzle body 31. 

5 The tip 33 defines a tip melt passage 38, and is removably connected 

to the nozzle body 31 so that the tip melt passage 38 is in fluid communication 
with and downstream from the nozzle body melt passage 37, The tip melt 
passage 38 has an exit which is shown at may be offset from axis 27, as 
shown in Figure 1a. In this embodiment, the tip 33 extends into the gate 26. 

10 to heat melt passing through the gate 26. 

The tip 33, and more particularly the tip melt passage 38, transports 
the melt from the body melt passage 37 to chamber 30. The tip 33 is made 
from a first material that is preferably thermally conductive to reduce losses in 
the heat U-ansferred from the heater 32 to the melt in the tip melt passage 38. 

15 Some examples of suitable first materials for the tip 33 are Be-Cu (Beryllium- 
Copper), Beryllium-free Copper such as, for example, Ampco 940^", TZM 
(Titanium/Zirconium carbide), Aluminum or Aluminum-based alloys, Inconel™. 
Molybdenum or suitable Molybdenum alloys. HI 3, mold steel or AerMet 
100™. 

20 Also, however, because of the melt flow through tip 33. the tip 33 may 

be exposed to a highly abrasive environment, and may be made from a wear 
resistant first material. An example of such a first material that is both 
thermally conductive and wear resistant is Tungsten Carbide. US Patent No. 
5,658,604 (Gellert et al.) discloses the construction of a nozzle tip using 

25 Tungsten Carbide. The tip 33 may be made using the construction taught in 
US Patent No. 5.658,604. 

The tip 33 may be removable from the body 31. The tip 33 may. for 
example, seat against a shoulder 39 in the body 31. The shoulder 39 may be 
an internal shoulder, as shown in Figure 1a. or alternatively, it may be on the 

30 exteriorof body 31. 

The tip surrounding piece 34 may retain the tip 33 in place on the 
nozzle body 31. The tip surrounding piece 34 may be removably connected 



SUBSTITUTE SHEET (RULE 26) 



wo 03/028974 



PCT/CA02/01488 



-6- 

to the nozzle body 31. For example, tip surrounding piece 34 may include a 
tip surrounding piece threaded portion 40, which mates with a corresponding 
nozzle body threaded portion 41 on the nozzle body 31. In the present 
embodiment, shown in Figure la, threaded portion 40 Is shown to have 

5 extemal threads, and threaded portion 41 is shown to have internal threads. 
Alternatively, however, threaded portion 40 may have internal threads and 
may mount to a conresponding externally threaded portion 41 in the nozzle 
body 31. Such a mounting is taught in US Patent No. 5.208.052. which is 
hereby incorporated by reference. As a further alternative, the threaded 

10 portions 40 and 41 may be replaced by any other suitable removable 
connecting means for connecting the tip sun'ounding piece 34 to the nozzle 
body 31 to retain the tip 33 in place. 

For some users, for example, users who mold several different types of 
articles from a variety of different materials, it may be desirable to have 

15 several different types of tips 16 available for use in the nozzles of their 
injection molding apparatus. A user may, for example, have many different 
sets of tips 16 for use with their injection molding apparatus, each set of tips 
16 being suited to one or more molding applications. Rather than machining 
threaded portion 40 on each set of tips 16. the tips 16 may be free of threads 

20 or other connecting means, and the tip surrounding piece 34 can include the 
connecting means, such as threads 40, as shown in Figure la. A single tip 
surrounding piece 34 can be configured to retain all the different types of tip 
33. This eliminates the need to manufacture a connecting means, such as a 
threaded portion, on each set of tips 16. Furthermore, depending on the 

25 characteristics of the molding application, the tips 16 may wear and may 
require regular replacement. By eliminating the need to include threads on 
the tips 16, the cost of replacement sets of tips 16 can be reduced. 

The tip surrounding piece 34 is made from a second material that may 
be less wear resistant than the first material from which the tip 33 is made, 

30 because the tip surrounding piece 34 does not have an internal melt passage. 
Accordingly, the tip surrounding piece 34 may be made from a second 
material that is relatively easily machined with threaded portion 40. 
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The tip surrounding piece 34 may also include a gripping portion 42 to 
facilitate the removal of the tip surrounding piece 34 from the nozzle body 31. 
The gripping portion 42 may be, for example, riexagonal for receiving a 
removal tool (not shown), such as a wrench. 

5 The tip surrounding piece 34 and the tip 33 may be two separate, 

distinct pieces, as shown in the Figures. However, it can sometimes be 
difficult to remove the tip 33 from the nozzle body 31 due, for example, to a 
buildup of plastic between their mating surfrices. To facilitate the removal of 
the tip 33 from the nozzle body 31. the tip surrounding piece 34 and the tip 33 

10 may alternatively be brazed or othenA^ise joined together, rather than being 
separate. ^ 

The tip surrounding piece 34 is at least in part, positioned between the 
tip melt passage 38 and the heater 32 along at least a portion of the length of 
the tip melt passage 38. In order to improve the heat flow from the heater to 

15 the tip melt passage 38, the tip surrounding piece 34 may be made from a 
themnally conductive second material. However, as explained above, the tip 
surrounding piece 34 is not necessarily made from a wear resistant second 
material. The tip surrounding piece 34 may be made from such second 
materials as. Copper, Be-Cu (Beryllium-Copper). Beryllium-free Copper such 

20 as. for example. Ampco 940™. TZM (Titanium/Zirconium carbide). Aluminum 
or Aluminum-based alloys. Inconel™. Molybdenum or suitable Molybdenum 
alloys. H13. steel, mold steel or AerMet 100™. 

The mold component contacting piece 35 contacts the mold 
component 14. and may inhibit melt leakage out of the chamber formed 

25 between the nozzle 16 and the mold component 14. The mold component 
contacting piece 35 may, for example, be positioned between the tip 
surrounding piece 34 and the mold component 14, as shown in Figure 1a. 
The mold component contacting piece 35 may fonm a first seal 44 with at least 
one of the tip surrounding piece 34 (as shown in Figure la), the tip 33. the 

30 nozzle body 31 or some other portion of the nozzle 16. and forms a second 
seal 46 with the mold component 14. 
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The mold component contacting piece 35 may aiign nozzle 16 with 
respect to the gate 26. The alignment means may be provided by the same 
surfaces that provide the seals 44 and 46. For example, seals 44 and 46 may 
be mechanical seals, formed by a close fit between mold component 

5 contacting piece 35 and the bore 48 and between the mold component 
contacting piece 35 and the tip surrounding piece 34, thereby aligning the 
nozzle 16 with respect to the gate 26. Alternatively, a separate alignment 
means may be used to position nozzle 16 with respect to the gate 26. 

The mold component contacting piece 35 may be positioned outside of 

10 the path between the melt passage 38 and the heater 32. The mold* 
cbmponent contacting piece 35 may instead be positioned between the mold 
component 14 and at least one of the tip surrounding piece 34, the tip 33 and 
the nozzle body 31. Typically, at least for some portion of an injection 
molding cycle, the mold component 14 and the nozzle 16 are maintained at 

15 different temperatures. For example, once the mold cavity 24 is filled with 
melt, the mold component 14 may be cooled to cause solidification of the melt 
in the mold cavity 24. However, the nozzle 16 may be heated to keep the 
melt contained therein hot and ready for the next injection phase. In order to 
reduce unwanted heat transfer between the nozzle 16 and the mold 

20 component 14, the mold component contacting piece 35 may be made from a 
material that is comparatively less thermally conductive than the material of 
the nozzle tip 33. Furthermore, the material of the mold component 
contacting piece 35 may be less thermally conductive than the material of the 
tip surrounding piece 34. For example, the mold component contacting piece 

25 35 may be made from titanium. HI 3. stainless steel, mold steel or chrome 
steel. Other alternative materials include ceramics and plastics. Other 
suitable materials for the mold component contacting piece 35 are disclosed 
in US Patent No. 5.879,727 (Puri). which is hereby incorporated by reference. 
Puri discloses such materials for use as an insulative layer for a nozzle. 

30 The mold component contacting piece 35 may be a separate piece that 

is mechanically joined to tip surrounding piece 34 by a suitable joint, such as 
an interference fit. as shown. Alternatively, the mold component contacting 
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piece 35 may be made by spraying a coating onto the tip surrounding piece 
34, and then machining the coating as required, to a suitable dimension for 
mating and sealing appropriately with the mold component 14. US Patent No. 
5,569,475 (Adas et al.) discloses a method of spraying on an insulating layer 

5 onto a portion of a nozzle, and is hereby incorporated by reference. 

The mold component contacting piece 35 may be joined to the tip 
surrounding piece 34. as shown in Figure 1a. Alternatively, the mold 
component contacting piece 35 may be joined to the mold component 14 and 
may cooperate with the tip surrounding piece 34 to form a seal therebetween 

10 when the nozzle 16 and the mold component 14 are assembled together. For 
example, the mold component contacting piece 35 may be brazed or 
otherwise joined to the wall of bore 48. as shown in Figure lb. 

Reference is made to Figure 2, which shows a nozzle 100 in 
accordance with a second embodiment of the present invention, in 

15 combination with mold component 14. The nozzle 100 may be similar to the 
nozzle 16 (Figure la), includes the nozzle body 31. the heater 32. a tip 102. 
the tip surrounding piece 34 and the mold component contacting piece 35. 
The tip 102 differs from the tip 33 in that the tip 102 has a melt passage 104 
with an exit 106 that is concentric about the axis 27 of the gate 26. 

20 Thus, a nozzle in accordance with the present invention may have a tip 

that inserts into the gate 26 and has an off-centre melt passage exit (as 
shown in Figure la), or alternatively the nozzle may a tip that has a melt 
passage exit that is concentric about the axis 27 of the gate 26 (as shown in 
Figure 2). 

25 Reference is made to Figure 3, while shows a nozzle 200 in 

accordance with a third embodiment of the present invention, in combination 
with mold component 14. The nozzle 200 may be similar to any of the 
nozzles described herein, such as the nozzle 100 (Figure 2). The nozzle 200 
includes the nozzle body 31, the heater 34. a two-component tip 202, the tip 

30 surrounding piece 34 and the mold component contacting piece 35. The tip 

202 may be similar to the tip 102 (Figure 2) and may define a tip melt passage 

203 which is in fluid communication with the body melt passage 37. The tip 
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202, however, includes an inner portion 204 and an outer portion 206. The 
inner portion 204 contains the melt passage 102 therethrough. The inner 
portion 204 may be made from a wear resistant, thermally conductive 
material. For example, the inner portion 204 may be made from Tungsten 

5 Carbide. The outer portion 206 may be made from a thermally conductive 
material, but may be made from a material that is less wear resistant than the 
material of the inner portion 206, thus providing greater freedom to select a 
suitable material for the outer portion 206. For example, the outer portion 206 
may be made from a highly thermally conductive material such as Aluminum 

10 or an Aluminum alloy, Be-Cu (Beryllium-Copper), or Beryllium-free Copper or 
TZM (Titanium/Zirconium carbide). It will be appreciated that the inner portion 
204 need not be a . distinct piece that is joined to the outer portion 206, but 
may instead be made by applying a suitable coating to the interior wall of the 
outer portion 206. 

15 The tip melt passage 203, which has an exit 208, which may be 

concentric about axis 27, as shown in Figure 3, Alternatively, tip 202 may be 
of a configuration similar to that of tip 33 (shown in Figure la), and may have 
an exit that is offset from axis 27. 

Reference is made to Figure 4, which shows a nozzle 300 in 

20 accordance with a fourth embodiment of the present invention, in combination 
with the mold component 14. The nozzle 300 may be similar to any of the 
nozzles described herein, such as the nozzle 10, and may include the nozzle 
body 31 . the heater 34. a thermocouple 302, a tip 304. a tip surrounding piece 
306 and the mold component contacting piece 35. The themiocouple 302 

25 penetrates into the tip 304, to get a more accurate temperature for the melt 
flowing through the tip 304. The tip 304 includes an aperture 308 for receiving 
the sensing portion of thermocouple 302. which is shown at 310. The 
aperture 308 may be, for example, a hole sized to snugly receive the sensing 
portion 310, to improve the sensing of the temperature of the melt. The tip 

30 surrounding piece 306 includes a pass-through 312, which may be. for 
example, a slotted hole, to permit the passage of the sensing portion 308 of 
the themiocouple 302 into the aperture 308. 
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Reference is made to Figure 5, which shows a nozzle 400, in 
accordance with a fifth embodiment of the present invention, In combination 
with mold component 14. The nozzle 400 may be similar to the nozzle 16 
(Figure la), and may include the nozzle body 31, the heater 32, a tip 402, the 
5 tip surrounding piece 34 and the mold component contacting piece 35. The 
tip 402 may have a torpedo configuration and may have a downstream end 
404 that is generally coned and may extend into the gate 26. 

The downstream end 404 is subject to Increased wear from the melt 
flow for several reasons. A first reason is that the available cross-sectional 

10 ' area through which the melt can flow (i.e. the gate area minus the area of the 
end 404) is relatively small and as a result the melt flow velocity through the 
gate 26 Is relatively high. The higher melt flow velocity increases the wear on 
the end 404. A second reason is that the end 404 has a relatively high 
surface-to-volume ratio, relative to other portions of the tip 402 that are 

15 exposed to the melt flow, and is therefore, particularly easily damaged by 
wear from the melt flow. 

The end 404 may be made from a wear resistant, thermally conductive 
material, such as tungsten carbide. The main portion of the tip 402, shown at 
405, may be made from a less wear resistant material than the end 404, and 

20 may be made from a greater selection of materials. For example, a highly 
thermally conductive material may be selected for the main portion 405, such 
as Aluminum, an Aluminum alloy, or Be-Cu (Beryllium<Copper). By making 
the tip 402 with the compound construction described above, it can be wear 
resistant in a selected portion, and may be less wear resistant but highly 

25 thermally conductive elsewhere. It will be appreciated that the materials for 
the end 404 and for the main portion 405 may be selected for any desirable 
characteristics and not only for wear resistance and thermal conductivity. It 
will also be appreciated that the tip 402 may include one or more other 
portions having selected properties, instead of, or in addition to the end 404. 

30 It will also be appreciated, that the end 404 may be made by heat treating or 
coating the tip 402. 
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Reference is made to Figure 6. which shows a nozzle 450 in 
accordance with a sixth emt>odiment of the present invention, in combination 
with a mold component 452. The nozzle 450 may be similar to nozzle 16 
(Figure la) and includes the nozzle body 31, the heater 32, the tip 33, a tip 
5 surrounding piece 453 and a mold component contacting piece 454, and may 
include an optional thennocoupie 36. 

The tip surrounding piece 453 may be similar to the tip sunrounding 
piece 34 (Figure la) and may retain the tip 33 in place in the nozzle body 14. 
However, the tip surrounding piece 453 has a first sealing surface 456 

10 included thereon, which forms a seal with a second sealing surface 458 
positioned on the mold component contacting piece 454. The tip surrounding 
piece 453 and the mold component contacting piece 454 may not be attached 
together. The tip surrounding piece 453 may instead seal against the mold 
component contacting piece 454, while the mold component contacting piece 

1 5 454 may remain attached to the mold component 452. 

Aside from remaining in the mold component 452. the mold component 
contacting piece 454 may be similar to the mold component contacting piece 
35 (Figure la). The mold component contacting piece 454 may further include 
a third sealing surface 460 for mating with a fourth sealing surface 462 on the 

20 mold component 452. The mold component contacting piece 454 may seat 
against a shoulder 464 on the mold component 452. 

Reference is made to Figure 7, which shows a nozzle 500 in 
accordance with a seventh embodiment of the present invention, in 
combination with the mold component 452. The nozzle 500 may be similar to 

25 the nozzle 16 (Figure la), and may include a nozzle body 602, the heater 32, 
a tip 504, a tip surrounding piece 506 and the mold component contacting 
piece 454. 

The nozzle body 502 may be similar to the nozzle body 31 (Figure la) 
and may define a nozzle body melt channel 507. The nozzle body 502 may 
30 have the heater 32 positioned thereon. The heater 32 may be partially or 
completely covered by a sleeve portion 508 of the nozzle body 502. The 
sleeve portion 508 may have a threaded portion 509 thereon, that is externally 
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threaded, for mating with a threaded portion 510 that is internally threaded on 
the tip surrounding piece 506. The sleeve portion, 508 may be made from a 
thermally conductive material, such as the material of the rest of the nozzle 
body 31. By positioning the threaded portion 509 on the sleeve 508, the 
5 heater 32 can be positioned closer to the downstream end of the nozzle body 
502, and can therefore better transfer heat to melt In the downstream end of 
the body 502 and in the tip 504. The optional thennocouple 36 may be 
positioned in the sleeve 508 to sense the temperature of melt in the nozzle 
500. 

10 The tip 504 may be similar to the tip 33 (Figure la), and may define a 

tip meK channel 512 that has an exit 514 that is offeet from the axis 27 of the 
gate 26. 

The tip surrounding piece 506 may be similar to the tip surrounding 
piece 34 (Figure la), and includes a shoulder 512 for mating with a shoulder 

15 514 on the tip 504. The shoulders 512 and 514 may be tapered. 

The tip surrounding piece 502 may include a first sealing surface 516, 
which may be similar to the sealing surface 456 on the tip surrounding piece 
453 (Figure 6), and which seals against the second sealing surface 458 on 
the mold component contacting piece 454 on the mold component 452. 

20 Reference is made to Figure 8, which shows a nozzle 550 in 

accordance with an eighth embodiment of the present invention, in 
combination with the mold component 14. The nozzle 550 may be similar to 
the nozzle 500 (Figure 7). and includes a nozzle body 552, the heater 32, a tip 
554, a tip sunrounding piece 556 and the mold component contacting piece 

25 35, and may include the optional thermocouple 36. 

The nozzle body 552 may be similar to the nozzle body 502 (Figure 7) 
and defines a body melt passage 558. The nozzle body 552 includes a 
threaded portion 560 that is externally threaded, for mating with a threaded 
portion 562 Uiat is internally threaded, on the tip surrounding piece 556. The 

30 threaded portion 560 may be directiy positioned on the nozzle body 552 e.g. 
below the heater 32, instead of being positioned on a sleeve that covers the 
heater 32. 
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The tip 554 may be similar to the tip 504 (Figure 7) and defines a tip 
melt passage 563, and may include a tapered shoulder 564 which mates with 
a tapered shoulder 566 on the tip surrounding piece 556. 

The tip surrounding piece 556 may be similar to the tip sun^ounding 
5 piece 502 (Figure 7), and may retain the tip 554 in place in the nozzle body 
552. The mold component contacting piece 35 may, however, be attached to 
the tip surrounding piece 556 instead of being attached to the mold 
component 14. 

Reference is made to Figure 9, which shows a nozzle 600 in 

10 accordance with a ninth embodiment of the present invention, in combination 
with the mold component 452. The nozzle 600 may be similar to the nozzle 
550 (Figure 8) and may include the nozzle body 552, the heater 32, the tip 
554, a tip surrounding piece 602 and the mold component contacting piece 
454, and may include the optional thermocouple 36. 

15 The tip surrounding piece 602 may be similar to the tip surrounding 

piece 556 (Figure 8), and may have an intemally threaded portion 604, for 
sealing with the externally threaded portion 560 on the nozzle body 552. The 
tip surrounding piece 602, however, includes a first sealing surface 606 for 
mating and sealing with the second sealing surface 458 on the mold 

20 component contacting piece 454. 

Reference is made to Figure 10. which shows a nozzle 650 in 
accordance with a tenth embodiment of the present invention, in combination 
with mold component 14. The nozzle 650 may be similar to the nozzle 600 
(Figure 9) and includes a nozzle body 652, the heater 32, a tip 654, a tip 

25 sun-ounding piece 656 and a mold component contacting piece 658, and may 
include an optional themnocouple 36. 

The nozzle body 652 may be similar to the nozzle body 31 (Figure 1) 
and may define a body melt passage 660. The nozzle body 652 includes a 
threaded portion 662 that may be internally threaded, for mating with a 

30 threaded portion 664 that may be externally threaded, on the tip surrounding 
piece 654. The heater 32 may be attached to the nozzle body 652 in any 
suitable way for heating melt in the nozzle 650. 
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The tip 654 may be similar to the tip 604 (Figure 9) and defines a tip 
melt passage 666. The tip 654 includes a jam surface 667a, which mates 
with a shoulder 667b in the nozzle body 652. The tip 654 also includes a first 
shoulder 668 that may be tapered, which mates with a second shoulder 670 
5 that may be tapered, on the tip surrounding piece 656, for the retention of the 
tip 654 in place in the nozzle body 652. 

The tip surrounding piece 656 may be similar to the tip surrounding 
piece 606 (Figure 9), and may retain the tip 654 in place. In the case as 
shown in Figure 10, where the tip surrounding piece 656 is positioned 
10 between at least a portion of the heater 32 and the tip 654, the tip surrounding 
piece 656 is preferably made from a themially conductive material so as to 
focilitate heat transfer between the heater 32 and melt in the tip melt passage 
666. 

The mold component contacting piece 658 may be L-shaped in cross- 

15 section, and may have a first sealing ^ce 672 that seals in the bore 48 of the 
mold component 14. and may also align the nozzle 650 in the bore 48. The 
mold component contacting piece 658 may also have a second sealing face 
674, which may include both a vertical portion 676 and a horizontal portion 
678. The vertical and horizontal portions 676 and 678 may cooperate with a 

20 vertical sealing surface 680 and a horizontal sealing surface 682 on the tip 
surrounding piece 652 to inhibit melt leakage therepast. 

Reference is made to Figure 11, which shows a nozzle 700 in 
accordance with an eleventh embodiment of the present invention, in 
combination with a mold component 702. Nozzle 700 may be similar to 

25 nozzle 650 (Figure 10), and include a mold component contacting piece 704, 
a tip surrounding piece 706, the tip 654. and a nozzle body 707, and may 
include the optional themnocouple 36. 

The mold component contacting piece 704 may be generally 
rectangular in cross-section and may have a sealing and aligning surface 708 

30 which seals and aligns against a bore 710 in the mold component 702. The 
mold component contacting piece 704 may have another sealing and aligning 
surface 712, which may have a first portion 714 that is vertical and a second 
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portion 716 that is horizontal. The first and second portions 714 and 716 
cooperate with a mating third, optionally vertical, portion 718 and a mating 
fourth, optionally horizontal, portion 720 on the nozzle body 707. The nozzle 
body 707 may be othenn/ise similar to the nozzle body 652 (Figure 10), and 

5 defines a body melt passage 721 therethrough. 

The mold component 702 may be similar to the mold component 14 
(Figure 1a), except that the mold component 702 may include the bore 710 
instead of bore 48. Bore 710 may have generally the same diameter as the 
bore which houses nozzle 700, which is shown at 724. However, the bore 

10 710 may be machined to a close tolerance to provide an improved seal with 
the mold component contacting piece 704 and an improved alignment of the 
nozzle 700 with respect to the gate 26. 

Thus, the combination of the nozzle 700 and mold component 702 may 
be similar to the combination of the nozzle 650 and the mold component 14 

15 (Figure 10), except that the seal and the alignment occur in the present 
embodiment between the nozzle body 707. the mold component contacting 
piece704. and the mold component 702, instead of between a tip surrounding 
piece, a mold component contacting piece and a mold component. 

Reference is made to Figures 12a and 12b, which show a nozzle 750 

20 in combination with a mold component 751. in accordance with a twelfth 
embodiment of the present invention. Nozzle 750 may be similar to nozzle 
700 (Figure 11), and includes the nozzle body 652. the heater 32, a tip 753, a 
tip surrounding piece 754 and a mold component contacting piece 755. and 
may include an optional thenmocouple 36. The mold component contacting 

25 piece 755 may remain at a bottom shoulder 756 in a bore 757 in the mold 
component 751. The mold component contacting piece 755 may also be 
used to align the nozzle 750 relative to the gate 26. 

The mold component contacting piece 755 may be generally washer- 
shaped, having an outer face 758. an inner face 760, a lower face 762 and an 

30 upper face 764. The outer face 758 may cooperate with the bore 757 of the 
mold component 751 to align the mold component contacting piece 755 
relative to the gate 26. The inner face 760 in turn, cooperates with a portion 
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of the nozzle 750, in this case, an alignment and sealing surfece 765 on the 
tip 753, to align the nozzle 750 relative to the gate 26. The lower face 762 of 
the mold component contacting piece 755 may fomo a seal with the bottom 
shoulder 756 to prevent melt leakage out of the chamber 30. 

5 The tip 753 may have a jam surface 767 for resting against the 

shoulder 667b in the nozzle body 652. The tip 753 may be retained in place 
by the cooperation between a shoulder 768a on the tip 753 and a shoulder 
768b on the tip surrounding piece 754. The tip defines a tip melt passage 771 
therethrough that is downstream from and in fluid communication with the 

10 body melt passage 660 

The tip surrounding piece 754 has a bottom shoulder 769. In the 'cool' 
position, shown in Figure 12a, there is a gap between the bottom shoulder 
769 of the tip sun-ounding piece 754 and the upper face 764 of the mold 
component contacting piece 755. When the nozzle 750 is heated, it expands 

15 due to thermal expansion to a 'hot' position (Figure 12b), whereby the lower 
surface 769 may contact the upper surface 764. The contact between the 
surfaces 769 and 764, may provided an added seal in addition to that formed 
by the surfaces 760 and 765. 

The tip surrounding piece may have a threaded portion 770 for mating 

20 with the threaded portion 662 on the nozzle body 652. 

It will be noted that in this embodiment, the mold component contacting 
piece 755 is not necessarily specifically attached to either of the mold 
component 751 or the rest of the nozzle 755. 

Reference is made to Figure 13, which shows a nozzle 800 in 

25 combination with a mold component 801, in accordance with a thirteenth 
embodiment of the present invention. Nozzle 800 may be similar to the 
nozzle 750 (Figures 12a and 12b), and may include the nozzle body 652, the 
tip 753, the tip surrounding piece 754, an alignment piece 802 and a seal 
piece 804, and the heater 32 and may include the optional thermocouple 36. 

30 The alignment piece 802 may be generally L-shaped in cross-section, 

and may have a lower face 806, a first upper face 808, a second upper face 
810, an inner face 812, a first outer face 814 and a second outer face 816. 
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The alignment piece 802 may rest against a shoulder 818 in the mold 
component 801. The second outer face 816 and the bore 460 cooperate to 
align the alignment piece 802 relative to the gate 26. The inner face 812 
cooperates with a portion of the nozzle 800, in this case, an alignment surface 

5 819 on the tip 753 to align the nozzle 800 relative to the gate 26. A gap exists 
between the second upper face 810 and the bottom face 766 of the tip 
surrounding piece 706. 

The seal piece 804 may be an 0-rlng that is resilient and that can seal 
effectively for the pressures and temperature in the general environment of an 

10 injection molding apparatus. The seal piece 804 is positioned in a pocket 
form by a bore 820 in the mold component 801, the first upper face 808 and 
the first outer face 814 and the bottom face 766 of the tip surrounding piece 
754. In the *coor position, shown in Figure 13, the bottom shoulder 769 of the 
tip surrounding piece 754 contacts and compresses seal piece 804, so that a 

15 seal is fomied at all contact points between the seal piece 804 and the nozzle 
800 and the mold component 801. 

It will be noted that, in the embodiment shown in Figure 13, both the 
alignment piece 802 and the seal piece 804 are mold component contacting 
pieces. 

20 During an injection molding cycle, the nozzle 800 is heated and 

expands, and the gap between the bottom shoulder 769 of the tip surrounding 
piece 754 and the second upper face 808 of the alignment piece 802 is 
reduced or may be eliminated, due to the thermal expansion. The bottom 
shoulder 769 of the tip surrounding piece 706 further compresses the seal 

25 piece 804, thereby further strengthening the seals fonned between the seal 
piece 804 and the nozzle 800 and the mold component 801. 

Reference is made to Figure 14, which shows a nozzle 900 In 
accordance with a fourteenth embodiment of the present invention, in 
combination with the mold component 14. The nozzle 900 may be similar to 

30 the nozzle 10 (Figure 1a), and includes a nozzle body 902, a tip 904. a tip 
sun'ounding piece 906, and a mold component contacting piece 908, and may 
include the optional themnocouple 36. The nozzle body 902 may be similar to 
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the nozzle body 31 (Figure 1a) and defines a nozzle body melt passage 910 
theiethrough. The nozzle body 902 has a first nozzle body threaded portion 
912 thereon for mating with a tip threaded portion 914 on the tip 904. The 
nozzle body 902 may also include a second nozzle body threaded portion 916 
5 for mating with a corresponding tip sun'ounding piece threaded portion 918 on 
the tip surrounding piece 906. The heater 32 may be positioned on the nozzle 
body 902 in any suitable way for heating melt in the nozzle body melt channel 
910. 

The tip 904 may be similar to the tip 33 (Figure 1a), and defines a tip 
10 melt 'passage 920 therethrough that is downstream from and in fluid 
communication with the nozzle body melt passage 910. The tip 904 may 
optionally include a tip tool engagement portion 922 for receiving a tool for the 
Installation and removal of the tip 904 with respect to the nozzle body 902. 
The tip sun'ounding piece 906 is not required to contact the tip 904 in 
15 the embodiment shown in Figure 14. The tip surrounding piece 906 may 
include a tip surrounding piece tool engagement portion 924 for receiving a 
tool to facilitate the installation and removal of the tip surrounding piece 906 
with respect to the nozzle body 902. 

The tip surrounding piece 906 may or may not forni a seal with the tip 
20 904 for inhibiting melt leakage therebetween. Thus, melt may be pemnitted to 
exist between the tip 904 and the tip surrounding piece 906. 

The mold component contacting piece 908 may be similar to the mold 
component contacting piece 35 (Figure 1a), and may be attached to the tip 
surrounding piece 906 by means of a friction fit. 
25 The mold component contacting piece 908 may align the nozzle 900 

with respect to the bore 48 of the mold component 14. Alternatively, the mold 
component contacting piece 908 may forni a seal with the bore 48 in the mold 
component 14 to prevent melt leakage therebetween. As a further alternative, 
the mold component contacting piece 908 may provide both a sealing function 
30 and an aligning function. 

In the above described embodiments, the tip surrounding piece has 
been attached to the nozzle body by means of mating threaded portions. It is 
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alternatively possible for the tip surrounding piece to be attached to tiie nozzle 
body in any suitable way that penriits the tip sun^ounding piece to be removed. 

In the embodiment shown in Figures 12a and 12b, it was disclosed that 
the nozzle may undergo thermal expansion, and clearance was provided 
5 between the tip surrounding piece and tiie mold component contacting piece 
to accommodate tt)e expansion. It will be noted ttiat themial expansion may 
take place with each of ti)e nozzles described above, and is not limited to the 
embodiment shown in Figures 12a and 12b. 

A particular example of an injection molding apparatus is shown in 
10 Figure 1. It will be appreciated that the injection molding apparatus that 
incorporates the nozzle tip assembly of tiie present invention may be any 
suitable type of injection molding apparatus and is not limited to the example 
shown. 

While ttie above description constitutes the preferred embodiments, it 
15 will be appreciated that the present invention is susceptible to modification 
and change without departing from the fair meaning of the accompanying 
claims. 
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CLAIMS 

1. A nozzle for an injection molding apparatus, the injection molding 
apparatus having a mold component, the mold component defining a mold 

5 cavity, and defining a gate into the mold cavity, the nozzle comprising: 

a nozzle body, said nozzle t)ody defining a nozzle body melt passage 
therethrough, wherein said nozzle body melt passage is adapted to receive 
melt from a melt source; 

a heater that is themnally connected to said nozzle body for heating 
10 melt in said nozzle body; - 

a tip, said tip defining a tip melt passage therethrough, wherein said tip 
melt passage is downstream from and in fluid communication with the nozzle 
body melt passage, and said tip melt passage is adapted to be upstream from 
and in fluid communication with said gate; 
15 a tip surrounding piece that is connected with respect to said nozzle 

body; and 

a mold component contacting piece that is connected with respect to 
said nozzle body, wherein the material of said mold component contacting 
piece has a themial conductivity that is less than at least one of the thennal 
20 conductivity of the material of said tip and the thermal conductivity of the 
material of the tip sun'ounding piece. 

2. A nozzle as claimed in claim 1 , wherein the thennal conductivity of the 
material of said mold component contacting piece is less than the thermal 

25 conductivity of the material of said tip. 

3. A nozzle as claimed in claim 1 , wherein the thenfnal conductivity of the 
material of the mold component contacting piece is less than the thermal 
conductivity of the material of said tip surrounding piece. 

30 
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4. A nozzle as claimed in claim 1 . wherein the thermal conductivity of the 
material of the tip is generally equal to the thennal conductivity of the material 
of the tip surrounding piece. 

5 5. A nozzle as claimed in claim 1. wherein said tip surrounding piece is 
removably connected with respect to said nozzle body. 

6. A nozzle as claimed in claim 1, wherein said tip surrounding piece is 
connected to said nozzle body. 

10 ^ ■ " 

7. A nozzle as claimed in claim 1, wherein said tip sun-ounding piece is 

removably connected to said nozzle body. 

8. A nozzle as claimed in claim 1, wherein said tip surrounding piece has 
15 a tip surrounding piece threaded portion and said nozzle body has a nozzle 

body threaded portion that is adapted to mate with said tip surrounding piece 
threaded portion. 

9. A nozzle as claimed in claim 1» wherein said tip surrounding piece 
20 retains said tip in position. 

* ^ . 

10. A nozzle as claimed in claim 1, wherein said tip is removably 
connected to said nozzle body. 

25 11. A nozzle as claimed in claim 9. wherein said lip is positioned within a 
bore in said nozzle body. 

12. A nozzle as claimed in claim 1. wherein said tip has a tip threaded 
portion and said nozzle body has a nozzle body threaded portion that is 
30 adapted to mate with said tip threaded portion. 
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13. A nozzle as claimed in claim 1, wherein said mold component 
contacting piece is adapted to align said nozzle with respect to said gate. 

14. A nozzle as claimed in claim 1, wherein a chamber Is fonned between 
5 said tip and said gate when said nozzle is positioned to deliver melt to said 

gate, and said mold component contacting piece is adapted to inhibit leakage 
of melt from said chamber. 

15. A nozzle as claimed in claim 1, wherein said mold component 
10 contacting piece is connected to said tip. 

16. A nozzle as claimed in claim 1, wherein said mdid component 
contacting piece is connected to said tip surrounding piece. 

15 17. A nozzle as claimed in claim 1. wherein said mold component 
contacting piece is connected to said nozzle body. 

18. A nozzle as claimed in claim 1. wherein said mold component 
contacting piece is adapted to align said nozzle with respect to said gate, and 
20 said nozzle further comprises a second mold component contacting piece that 
is adapted to inhibit leakage of melt from a chamber that is fomied between 
said tip and said gate, when said nozzle is positioned to deliver melt to said 
gate in said mold component. 

25 19. An injection molding apparatus, comprising: 

a runner component, a mold component and at least one nozzle, 
wherein said runner component defines at least one runner, and said at 
least one runner is adapted to receive melt from a melt source, 

wherein said mold component defines a mold cavity and a gate into • 
30 said mold cavity, 

wherein said nozzle includes a nozzle body, a heater, a tip. a tip 
surrounding piece and a mold component contacting piece. 
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wherein said nozzle body defines a nozzle body melt passage 
therethrough, and said nozzle body melt passage is adapted to receive melt 
from said at least one mnner, 

wherein said heater is thermally connected to said nozzle body for 
5 heating melt in said nozzle body, 

wherein said tip defines a tip melt passage therethrough, said tip melt 
passage is downstream from and In fluid communication with the nozzle body 
melt passage, and said tip melt passage is upstream from and in fluid 
communication with said gate, 
10 wherein said tip surrounding piece is removably connected with respect 

to said nozzle body, 

wherein said mold component contacting piece is connected with 
respect to said nozzle body, and 

wherein the material of said mold component contacting piece has a 
15 thermal conductivity that is less than at least one of the themial conductivity of 
the material of said tip and the thermal conductivity of the material of the tip 
surrounding piece. 

20. An injection molding apparatus- as claimed in claim 19, wherein the 
20 thermal conductivity of the material of said mold component contacting piece 

is less than the thermal conductivity of the material of said tip. 

21. An injection molding apparatus as claimed in claim 19, wherein the 
thermal conductivity of the material of the mold component contacting piece is 

25 less than the themial conductivity of the material of said tip sun'ounding piece. 

22. An injection molding apparatus as claimed in claim 19, wherein the 
themial conductivity of the material of the tip is generally equal to the themial 
conductivity of the material of the tip surrounding piece. 

30 

23. An injection molding apparatus as claimed in claim 19, wherein said tip 
surrounding piece is removably connected with respect to said nozzle body. 
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24. An injection molding apparatus as claimed in claim 19, wherein said tip 
surrounding piece is connected to said nozzle body. 

5 25. An injection molding apparatus as claimed in claim 19. wherein said tip 
surrounding piece is removably connected to said nozzle body. 

26. An injection molding apparatus as claimed in claim 19, wherein said tip 
surrounding piece has a tip surrounding piece threaded portion and said 

10 nozzle body has a hozzle body threaded portion that is adapted to mate with 
said tip surrounding piece threaded portion. 

27. An injection molding apparatus as claimed in claim 19, wherein said tip 
sun-ounding piece retains said tip in position. 

15 

28. A nozzle as claimed in claim 19, wherein said tip is removably 
connected to said nozzle body. 

29. A nozzle as claimed in claim 27, wherein said tip is positioned within a 
bore in said nozzle body. 

30. An injection molding apparatus as claimed in claim 19, wherein said tip 
has a tip threaded portion and said nozzle body has a nozzle body threaded 
portion that is adapted to mate with said tip threaded portion. 

31. An injection molding apparatus as claimed in claim 19, wherein said 
mold component contacting piece aligns said nozzle with respect to said gate. 

32. An injection molding apparatus as claimed in claim 19, wherein said 
30 mold component contacting piece is adapted to inhibit leakage of melt from a 

chamber that is fomied between said tip and said gate. 



20 



25 
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33. An injection molding apparatus as claimed in claim 19» wherein said 
mold component contacting piece is connected to said tip. 

34. An injection molding apparatus as claimed in claim 19, wherein said 
5 mold component contacting piece is connected to said tip surrounding piece. 

35. An injection molding apparatus as claimed in claim 19, wherein said 
mold component contacting piece is connected to said nozzle body. 

10 36. An injection molding apparatus as claimed in claim 19, wherein said 
mold component contacting piece is adapted to align said nozzle with respect 
to said gate, and said nozzle further includes a second mold component 
contacting piece that is adapted to inhibit leal^age of melt from a chamber that 
is fomied between said tip and said gate. 
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